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ABSTRACT
Gamma-ray bursts (GRBs) can be divided into three subclasses: X-ray flash
(XRF), X-ray rich (XRR), and classical GRB (C-GRB). An X-ray flare is the
rebrightening emission shown in the early X-ray afterglow of some GRBs. In
this paper, we comprehensively examine the X-ray flare properties among XRF,
XRR, and C-GRB subclasses. We utilize the XRF, XRR, and C-GRB subclass
samples obtained from the Swift-BAT3 catalog, and the X-ray flare observational
properties are collected from Falcone et al., Chincarini et al., and Yi et al. We
find that XRFs and XRRs have more bright X-ray flares than C-GRBs. The
ratio of the X-ray flare fluence to the prompt emission fluence has different dis-
tributions between XRF and C-GRB subclasses. The linear correlation between
the duration and the peak time of the X-ray flares is also different between XRF
and C-GRB subclasses. We are inclined to identify the GRBs with the bright
X-ray flares as XRFs or XRRs. We discuss some issues that are related to the
XRF/XRR/C-GRB classification. We also caution the selection effects and the
instrument bias in our investigation. Large samples are required in the future to
further confirm our results.
Subject headings: gamma rays: general - radiation mechanisms: non-thermal
1. Introduction
Gamma-ray bursts (GRBs) are violent explosions in the gamma-ray band. They are
specified by two types based on the burst duration time, notated as T90 (Kouveliotou et
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al. 1993). A burst is a identified as long GRB when T90 is more than 2 s, while a burst
is identified as a short GRB when T90 is less than 2 s. Besides T90, the hardness ratio is
another important parameter for the long/short GRB classification. de Ugarte Postigo et
al. (2011) found that some GRBs in the Swift-detected sample are neither long nor short,
and these GRBs can be classified as intermediate GRBs. The GRBs detected by BATSE
and Fermi-GBM were further examined in the duration-hardness plane (Tarnopolski 2019).
On the other hand, the GRB prompt spectrum can be described by the Band function. The
Band function has three parameters: low-energy index α, peak energy Ep, and high-energy
index β (Band et al. 1993). Preece et al. (2000) found that the peak energy spreads around
250 keV for the GRBs detected by BATSE. We recently classified GRBs into X-Ray Flashes
(XRFs), X-Ray Riches (XRRs), and Classical GRBs (C-GRBs) using the latest Swift-BAT3
catalog (Bi et al. 2018). In particular, the peak energy of XRFs is located around 24 keV,
which is consistent with the results of Sakamoto et al. (2005). It is also noted that some
XRFs are associated with supernovae (Fynbo et al. 2004; Levan et al. 2005; Bersier et al.
2006; Soderberg et al. 2006). The relation between GRB 120422A and SN 2012bz indicates
that low-luminosity GRBs are relevant to supernovae at low redshift (Schulze et al. 2014).
Bi et al. (2018) took 6 XRFs, 14 XRRs, and 3 C-GRBs that are related to the supernova
explosion into account in the Swift-BAT3 catalog.
Some models have been proposed to reveal the physical origins for XRFs. Different
baryon loading can have an effect on the GRB bulk Lorentz factor (Dermer et al. 1999).
Barraud et al. (2005) suggested the different bulk Lorentz factors of the shock waves for
XRFs and C-GRBs. In general, jet off-axis/beaming effects have been accepted to explain
the XRF origin (Yamazaki et al. 2002; Granot et al. 2005; Lamb et al. 2005; Salafia et al.
2016). Matzner et al. (2013) proposed that the nonradial motion of the GRB outflow near the
progenitor stellar surface can suppress the photon flash so that the low energetic GRBs can
be discovered. Ciolfi (2016) suggested that XRF 020903 can originate from the neutron star
spindown if this XRF was formed by the binary neutron star or the core-collapse supernova,
because the modeling spectrum mainly falls in the X-ray band and the modeling luminosity
is similar to the XRF luminosity. This suggests that XRFs can be related to Poynting-
dominated jets. Moreover, photospheric radiation can also be applied for the explanation of
the XRF properties (e.g., Pe’er et al. 2006).
X-ray flares are the rebrightening emission shown in some GRB X-ray afterglows (Fal-
cone et al. 2006). Some statistical analysis results from the Swift samples have been achieved.
Chincarini et al. (2007) performed one temporal investigation on 69 X-ray flares, and they
concluded that the X-ray flare and the prompt emission have the same origin. Falcone et al.
(2007) performed one spectral investigation on 77 X-ray flares, and the Band function can
be a good fitting to the X-ray flare spectra. Chincarini et al. (2010) systematically studied
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the temporal properties of the X-ray flares with a large sample. They found that the X-ray
flare duration decreases with the energy as w ∝ E−0.5 and linearly increases with the X-ray
flare peak time as w ∼ 0.2tp, where w is the duration, E is the isotropic energy in the 0.3-10
keV band, and tp is the peak time. Yi et al. (2016) enlarged the X-ray flare sample from
the updated Swift-XRT dataset. From a statistical point of view, about 30% of GRBs have
X-ray flares (Chincarini et al. 2010; Margutti et al. 2011; Yi et al. 2016).
There are some models to explain X-ray flare origin. X-ray flares that are contempo-
raneous with the early X-ray afterglow are likely due to a late time manifestation of the
same emission mechanism as the prompt emission (Zhang et al. 2006). Ioka et al. (2005)
and Lazzati & Perna (2007) proposed several possibilities to explain the GRB X-ray flare.
Chincarini et al. (2010) put the data on the log(∆F/F )-log(w/tpk) plane to examine the
different models suggested by Ioka et al. (2005), where ∆F is the fluence of the X-ray flare,
and F is the underlying fluence. It looks like that X-ray flares have an internal origin from
a long-active central engine. Mu et al. (2018) indicated that the X-ray flares of short GRBs
may also have an internal origin. Jin et al. (2010) estimated the Lorentz factor of the X-ray
flare in their model, and the Lorentz factor of the X-ray flare is smaller than that of the
general GRB outflow. Mu et al. (2016) took use of the curvature effect to further constrain
the Lorentz factor of the X-ray flare. It indicated long-time activity from the GRB central
engine to explain the observed GRB X-ray flares. Jia et al. (2016) examined the temporal
decay index and the spectral index of the X-ray flares, and the results suggested a Poynting-
dominated outflow for the X-ray flare production (Uhm & Zhang 2016). Geng et al. (2017)
further calculated an anisotropic effect in the X-ray flare radiation. Lazzati et al. (2011)
simulated GRB jet propagation. It was inferred that the X-ray flare originates from some
jet propagation instabilities in different cases of the jet opening angle. Giannios (2012) built
a dissipative photospheric model to obtain the bulk Lorentz factor that could be used to
explain both the spectrum and the light curve for the X-ray flares. Beniamini & Kumar
(2016) examined the small emission radius of the X-ray flares and further considered the
photosphere model for the X-ray flare origin. It is also possible for a remnant disk accretion
to produce X-ray flares if the magnetic coupling is involved between the inner disk and the
central black hole (Luo et al. 2013).
We attempt to comprehensively examine the X-ray flare properties among XRF, XRR,
and C-GRB subclasses using the Swift samples in this paper. We utilize our statistical
results presented by Bi et al. (2018), in which XRFs, XRRs, and C-GRBs were classified
from the latest Swift-BAT3 catalog. We collect the X-ray flare data from both Chincarini
et al. (2010) and Yi et al. (2016) for the temporal analysis and the X-ray flare data from
Falcone et al. (2007) for the spectral analysis. Because some similar explanations in the
former descriptions have been proposed for both XRFs and X-ray flares, it indicates that
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X-ray flares may have some special associations to XRFs. In fact, some GRBs, such as
GRB 040916, GRB 050502B, and GRB 050406, with prominent X-ray flares, were identified
as XRFs or XRRs (Burrows et al. 2005; Arimoto et al. 2007). We expect some statistical
differences of the X-ray flare properties between XRF and C-GRB subclasses in this paper.
However, the long/short GRB identification and the XRF/XRR/C-GRB classification are
important to our results in this paper. For example, GRB 050502B is classified as an XRR,
but its prompt emission has a power-law spectral index of 1.6 over the primary time of 6 s.
Thus, it is very similar to a C-GRB. We provide a comprehensive discussion on the GRB
classifications in this paper.
We present the data selection in Section 2. In section 3, we show some general properties
of XRFs, XRRs, and C-GRBs. Then, we illustrate the properties of the X-ray flare fluence
for XRFs, XRRs, and C-GRBs. We investigate the temporal properties of the X-ray flares
for XRFs, XRRs, and C-GRBs. Some properties of the redshift-corrected parameters are
presented. The linear correlation between the duration and the peak time of the X-ray flares
for XFRs, XRRs, and C-GRBs are given. We plot the log(∆F/F )-log(w/tp) distribution of
the X-ray flares for XRFs, XRRs, and C-GRBs. Finally, the spectral properties of the X-ray
flares among XRF, XRR, and C-GRB subclasses are illustrated. In section 4, we compre-
hensively discuss some issues, such as sample classification, selection effect, and instrument
bias, which affect our results. We list the conclusions in Section 5.
We use the standard cosmological parameters: H0 = 72 km s
−1 Mpc−1, ΩΛ = 0.7, and
ΩM = 0.3.
2. Data Description
We utilize the GRB X-ray flare temporal data from both Chincarini et al. (2010) and
Yi et al. (2016). The X-ray flares presented by Chincarini et al. (2010) were observed from
2005 April to 2008 March, while those of Yi et al. (2016) were observed from 2005 April to
2015 March. The two samples cover the same observational period, from 2005 April to 2008
March. In this period, some GRBs having X-ray flares identified in Yi et al. (2016) are not
shown in Chincarini et al. (2010). These GRBs are GRB 050712, GRB 050724, GRB 050803,
GRB 050820A, GRB 050904, GRB 050915A, GRB 050916, GRB 060124, GRB 060223A,
GRB 060510B, GRB 060522, GRB 060926, GRB 061121, GRB 070103, GRB 070129, GRB
070616, GRB 070714A, GRB 071112C, GRB 071122, GRB 080229A, GRB 080319A, and
GRB 080325. In the same period, some GRBs having X-ray flares identified in Chincarini
et al. (2010) are not shown in Yi et al. (2016). These GRBs are GRB 051210, GRB 051227,
GRB 060729, GRB 060814, GRB 060908, GRB 070220, GRB 070306, and GRB 070621.
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We also consider the spectral properties of the X-ray flares among XRF, XRR, and
C-GRB subclasses. We utilize the data from Falcone et al. (2007). Thirty-three GRBs were
observed from 2005 February to 2006 January, and 77 X-ray flares with the spectral analysis
are included in the sample.
We have classified GRBs into XRFs, XRRs, and C-GRBs from the Swift-BAT3 catalog
(Bi et al. 2018). The criteria for the classification of XRFs, CRRs, and C-GRBs were
introduced by Sakamoto et al. (2008). We select the XRFs, XRRs, and C-GRBs that have
the X-ray flares identified from Falcone et al. (2007), Chincarini et al. (2010), and Yi et
al. (2016) to be the data sample in this paper. We list each GRB having the X-ray flare
temporal properties in Table 1. In general, we have 7 XRFs, 34 XRRs, and 15 C-GRBs
having X-ray flares from the sample of Chincarini et al. (2010), where 1 XRR and 1 C-GRB
are short bursts. We have 16 XRFs, 118 XRRs, and 64 C-GRBs having X-ray flares from
the sample of Yi et al. (2016), where 1 XRR and 2 C-GRBs are short bursts.
We note that some GRBs do not have fluence values in the Swift-BAT sample. They are
GRB 060602, GRB 071112C, GRB 081028, GRB 090516, GRB 090807, and GRB 090809.
In addition, the GRB 050714B X-ray flare has no measurements on the peak time and the
duration in Chincarini et al. (2010).
3. Results
3.1. General Properties of XRFs, XRRs, and C-GRBs
3.1.1. T90 Distributions
We examine the T90 distributions for the XRFs, XRRs, and C-GRBs with the temporal
properties of the X-ray flares. We show the results in Figure 1. Although it seems that all
the XRFs with X-ray flares are long GRBs, we may consider some XRFs with X-ray flares
that are short bursts found in the future observations. We also note that some XRFs are
identified as intermediate GRBs that are neither short nor long (Horva´th et al. 2010). We
list the intermediate GRBs in Table 1. The sources were identified by de Ugarte Postigo et
al. (2011)1.
In order to examine the T90 distribution differences among XRF, XRR, and C-GRB
1The intermediate GRBs in the sample of de Ugarte Postigo et al. (2011) occurred from 2004 December
to 2008 December. The sample is not large enough, so we cannot use it to perform further analysis. We also
note some issues with the intermediate GRBs in Section 4.
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subclasses, we further perform the Kolmogorov-Smirnov (K-S) test on the T90 distributions.
We first take the GRBs that have the X-ray flares from Chincarini et al. (2010). We obtain
the p-value 0.11 that indicates the T90 distribution difference between XRF and C-GRB
subclasses. The p-value 0.84 is obtained to indicate the T90 distribution difference between
XRR and C-GRB subclasses, and the p-value 0.26 is obtained to indicate the T90 distribution
difference between XRR and XRF subclasses. If we exclude the short bursts in XRFs, XRRs,
and C-GRBs, the numbers of the p-value are 0.06, 0.67, and 0.21 to indicate T90 distribution
differences of XRF and C-GRB subclasses, XRR and C-GRB subclasses, and XRF and XRR
subclasses, respectively. Then, we take the GRBs that have the X-ray flares from Yi et al.
(2016). We obtain the numbers of the p-value as 0.10, 0.82, and 0.08 to indicate the T90
distribution differences of XRF and C-GRB subclasses, XRR and C-GRB subclasses, and
XRF and XRR subclasses, respectively. If we exclude short GRBs in XRFs, XRRs, and
C-GRBs, we obtain the numbers of the p-value as 0.06, 0.63, and 0.07 to indicate the T90
distribution differences of XRF and C-GRB subclasses, XRR and C-GRB subclasses, and
XRF and XRR subclasses, respectively. We write the p-value numbers for the difference
cases in Table 2.
It seems that T90 distributions among XRF, XRR, and C-GRB subclasses have high
similarity. Thus, there are no significant differences of T90 distribution among XRF, XRR,
and C-GRB subclasses. This result is consistent with that of Sakamoto et al. (2005).
3.1.2. Hardness-duration and Peak Energy Distributions of XRFs, XRRs, and C-GRBs
In order to further examine the classification of XRFs, XRRs, and C-GRBs in our
sample, we first investigate the hardness-duration distribution for XRFs, XRRs, and C-GRBs
in Figure 2. Although the classification can successfully separate XRFs from C-GRBs, we see
the overlaps between XRR and C-GRB subclasses, and between XRF and XRR subclasses.
We then investigate the peak energy of XRFs, XRRs, and C-GRBs in our sample.
The peak energy distributions are shown in Figure 3. We perform the K-S test for the
distributions of XRF and C-GRB subclasses, XRF and XRR subclasses, and XRR and C-
GRB subclasses, respectively. The results are given in Table 2. We clearly see that the Ep
distributions among XRF, XRR, and C-GRB subclasses are different. However, we note that
the distribution overlaps are also shown in Figure 3.
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3.2. X-Ray Flare Fluence Properties among XRF, XRR, and C-GRB
Subclasses
3.2.1. Fluence Ratio between X-Ray Flare and Prompt Emission
We perform a detailed analysis on the X-ray flare fluence properties for XRFs, XRRs,
and C-GRBs in this subsection. We obtain the fluence of each individual X-ray flare Si,flare
from Chincarini et al. (2010) and Yi et al. (2016). The fluence of the GRB prompt emission
Sprompt can be obtained from the Swift-BAT3 Catalog. In order to properly understand the
energy released from the X-ray flare that can be compared to the energy released from the
prompt emission, we define a parameter of ri, and it can be identified as the fluence ratio
between one single flare and the prompt emission for each GRB. Some GRBs have multiple
X-ray flares, then we accumulate all the Si,flare numbers to get the total fluence of the X-ray
flares St,flare in a single GRB. A parameter of rt can be identified as the fluence ratio between
the total flares and the prompt emission for each of these GRBs. Thus, we write the following
formula for a certain GRB as:
ri = Si,flare/Sprompt, (1)
St,flare =
∑
i
Si,flare, (2)
rt = St,flare/Sprompt. (3)
We select the X-ray flare data of Chincarini et al. (2010) and investigate the ri and rt
distributions for XRFs, XRRs, and C-GRBs. The distributions are shown in Figure 4. We
further perform the K-S test, and the results are written in Table 2. We also take the X-ray
flare data of Yi et al. (2016) to investigate the ri and rt distributions for XRFs, XRRs, and
C-GRBs. The distributions are shown in Figure 5, and the K-S test results are also written in
Table 2. Although different p-value numbers are obtained among different distributions, we
clearly identify that XRF and C-GRB subclasses are different on either ri or rt distributions.
We attempt to directly compare the X-ray flare fluence among C-GRB, XRR, and XRF
subclasses using the X-ray flare data from Chincarini et al. (2010) and Yi et al. (2016). We
show the fluence distributions of the X-ray flares for C-GRBs, XRRs and XRFs in Figures 6
and 7. We also perform the K-S test, and the results are written in Table 2. However, because
some GRBs have no redshift measurements, we caution the direct fluence comparison of the
X-ray flares among XRF, XRR, and C-GRB subclasses.
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3.2.2. Bright X-Ray Flares
Some XRFs and XRRs have prominent X-ray flares (Burrows et al. 2005; Arimoto et
al. 2007). We have compared the X-ray flare fluence to the prompt emission fluence in each
GRB and performed the statistics on the fluence ratio in Section 3.2.1. Here, we define a
threshold ratio between the X-ray flare fluence and the prompt emission fluence. The bright
X-ray flare is satisfied with the condition of ri ≥ 0.2. When a GRB has multiple X-ray
flares, the bright X-ray flares with the accumulated fluence is satisfied with the condition of
rt ≥ 0.2. We take notes on the GRBs having the bright X-ray flares in Figures 4, 5, 11, and
12.
We take the XRFs, XRRs, and C-GRBs that have the bright X-ray flares into account,
and we define three ratios as
εC−GRB =
NC−GRB, rt≥0.2
NC−GRB
, (4)
εXRF =
NXRF, rt≥0.2
NXRF
, (5)
εXRR =
NXRR, rt≥0.2
NXRR
. (6)
We first examine the bright X-ray flares from the data of Chincarini et al. (2010). We do
not find any bright X-ray flares in C-GRBs. The fraction of the XRRs that have the bright
X-ray flares to the total XRRs is 29.4%, and the fraction of the XRFs that have the bright
X-ray flares to the total XRFs is 28.6%. When we consider only the bright X-ray flares, the
mean values of rt are 0.39 and 0.53 for XRFs and XRRs, respectively. We then examine
the bright X-ray flares from the data of Yi et al. (2016). The fraction of the C-GRBs that
have bright X-ray flares out of the total C-GRBs is 4.5%, the fraction of the XRRs that
have bright X-ray flares out of the total XRRs is 24.6%, and the fraction of the XRFs that
have bright X-ray flares out of the total XRFs is 37.5%. When we consider only the bright
X-ray flares, the mean values of rt are 0.46, 0.51, and 0.73 for XRFs, XRRs, and C-GRBs,
respectively. Therefore, for the GRBs that have bright X-ray flares, the fluence of the X-ray
flare is comparable to the fluence of the prompt emission. In our sample, it seems that XRFs
and XRRs have more bright X-ray flares than C-GRBs.
3.2.3. Relation between X-Ray Flare Fluence and Prompt Emission Fluence
In order to examine energy release of the GRB X-ray flare that is related to GRB
prompt emission, we further investigate the X-ray flare fluence and the prompt emission
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fluence among XRF, XRR, and C-GRB subclasses. The X-ray flare data samples are taken
from Chincarini et al. (2010) and Yi et al. (2016). We obtain four panels of X-ray flare
fluence vs. prompt emission fluence in Figure 8. We cannot find a reliable correlation between
the X-ray flare fluence and the prompt emission fluence due to the large data scattering.
If X-ray flares in the GRB early X-ray afterglow are originally from a late time manifes-
tation of the same emission mechanism as the prompt emission, we may consider a correlation
between the X-ray flare fluence and the prompt emission fluence. However, we cannot find a
significant correlation. It seems that the correlation is not straightforward if it really exists.
3.2.4. Isotropic Energy Release of X-Ray Flares
We calculate the isotropic energy of the X-ray flare in each GRB if we have GRB redshift
measurements. The distributions of the isotropic energy for XRFs, XRRs, and C-GRBs are
shown in Figures 9 and 10. The X-ray flare data samples are taken from Chincarini et al.
(2010) and Yi et al. (2016). We perform the K-S test for the distributions. It seems that the
distributions of the X-ray flare energy release have no significant differences among XRF,
XRR, and C-GRB subclasses.
We note that a direct comparison of X-ray flare energy release among XRF, XRR, and
C-GRB subclasses cannot reveal the relation between X-ray flare and prompt emission for
one GRB. The results from the fluence ratios of XRFs, XRRs, and C-GRBs properly present
the energy release of X-ray flare compared to the energy release of prompt emission (see
Figures 4 and 5).
3.3. Temporal Properties of X-Ray Flares among XRF, XRR, and C-GRB
Subclasses
3.3.1. Distributions of Duration and Peak Time of X-Ray Flares among XRF, XRR, and
C-GRB Subclasses
A detailed analysis of the X-ray flare temporal properties among XRF, XRR, and C-
GRB subclasses is also an important issue in this paper. Here, we ignore the Lorentz factor
of the X-ray flare, and we do not have the redshift correction to the X-ray flare temporal
properties.
We identify the width of the X-ray flare w to be the X-ray flare duration. We present
the distributions of the X-ray flare duration for XRFs, XRRs, and C-GRBs. The results
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from the X-ray flare data of Chincarini et al. (2010) and Yi et al. (2016) are shown in Figure
11. The K-S test results are listed in Table 2.
We also use the X-ray flare data from Chincarini et al. (2010) and Yi et al. (2016) to
analyze the distributions of the X-ray flare peak time tp for XRFs, XRRs, and C-GRBs. The
results are in Figure 12. The K-S test results are listed in Table 2.
We do not find any differences in the duration distribution and the peak time distribution
of the X-ray flares among XRF, XRR, and C-GRB subclasses. However, we ignore the effect
of the bulk Lorentz factor on these temporal properties, and we do not perform the redshift
correction to these temporal properties. We caution the direct comparison of the X-ray flare
temporal properties among XRF, XRR, and C-GRB subclasses.
3.3.2. Distributions of Redshift-corrected Duration and Peak Time of X-Ray Flares among
XRF, XRR, and C-GRB Subclasses
In order to directly compare the temporal properties of the X-ray flares among XRF,
XRR, and C-GRB classes, we perform the redshift-corrected duration and peak time of the
X-ray flares in our sample. The distributions of the duration and the peak time of the X-ray
flares are shown in Figures 13 and 14.
The distributions of the duration and the peak time do not have significant differences
among XRF, XRR, and C-GRB subclasses in general. Yi et al. (2016) have larger X-ray flare
duration values than Chincarini et al. (2010) because some late X-ray flares were included
in Yi et al. (2016). However, we note that the issues mentioned above might have strong
bias because the data samples in our statistical analysis are small. We hope that more X-ray
flare data with the redshift measurements are available in the future to further investigate
the distributions of the temporal properties.
3.3.3. Correlation between Duration and Peak Time of X-Ray Flare among XRF, XRR,
and C-GRB Subclasses
We can examine the correlation between the duration and the peak time of the X-ray
flares for XRFs, XRRs, and C-GRBs. When we usually perform the least-square method for
a linear fitting of observational data, the data errors are not included. Thus, the extrinsic
scatter of the linear fitting may exist due to the large data error, and the fitting results are
not reliable. In order to consider the effect from the large data error and obtain reliable
fitting results, we perform the maximum likelihood method suggested by Amati et al. (2008)
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to obtain the linear correlation fitting between the duration and the peak time of the X-ray
flares.
We use the X-ray flare data of Chincarini et al. (2010) to perform the w − tp corre-
lations for XRFs, XRRs, and C-GRBs. We find the correlation of logw = (−0.42+0.87−0.87) +
(0.97+0.36−0.37) log tp with σ = 0.19
+0.06
−0.04 for XRFs, the correlation of logw = (−0.34+0.24−0.23) +
(0.89+0.09−0.09) log tp with σ = 0.21
+0.02
−0.02 for XRRs, and the correlation of logw = (0.05
+0.46
−0.46) +
(0.71+0.19−0.19) log tp with σ = 0.19
+0.05
−0.04 for C-GRBs, where σ is the extrinsic scatter. The results
are shown in Figure 15.
We also use the X-ray flare data of Yi et al. (2016) to perform the w− tp correlations for
XRFs, XRRs, and C-GRBs. We find the correlation of logw = (−1.41+0.73−0.73)+(1.59+0.30−0.29) log tp
with σ = 0.40+0.06−0.05 for XRFs, the correlation of logw = (−0.36+0.14−0.15) + (1.12+0.06−0.05) log tp with
σ = 0.45+0.02−0.02 for XRRs, and the correlation of logw = (−0.16+0.19−0.18) + (1.04+0.06−0.07) log tp with
σ = 0.57+0.04−0.03 for C-GRBs. The results are shown in Figure 16.
It seems that the w− tp correlation of XRFs and that of C-GRBs are different, although
the fitting errors and the extrinsic scatters are relatively large. We note that the fitting results
from the data of Chincarini et al. (2010) and Yi et al. (2016) are significantly different.
3.4. XRFs, XRRs, and C-GRBs in the log(∆F/F )− log(w/tp) Plane
The GRB X-ray flare has been explained by some physical models. Ioka et al. (2005)
and Lazzati & Perna (2007) suggested both internal and external shocks to explain GRB
X-ray flares. The excess flux ∆F to the underlying flux F can be identified as the X-ray
flare flux. It seems that most GRB X-ray flares provided by Chincarini et al. (2010) favor
the internal origin of the central engine model.
We can use the X-ray flare data of Chincarini et al. (2010) to examine the X-ray flare
distribution in the log ∆F/F − logw/tp plane for XRF, XRR, and C-GRB subclasses. The
results are shown in Figure 17. The constraints of some models are also shown2. It seems
that there is no difference among XRF, XRR, and C-GRB subclasses on the X-ray flare
distribution in the log ∆F/F − logw/tp plane.
2We do not find the F values in the X-ray flare data of Yi et al. (2016), and we cannot examine the
distribution of those X-ray flares in the log ∆F/F − logw/tp plane.
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3.5. Spectral Properties of X-Ray Flares among XRF, XRR, and C-GRB
Subclasses
Falcone et al. (2007) presented one detailed spectral analysis on GRB X-ray flares.
Here, we select the results of the X-ray flare spectra fitting from the power-law, the cutoff
power-law, and the Band function models. Thus, the spectral indices and the peak energy
values of the X-ray flares are provided. We obtain the distributions of αpl and αcpl from the
power-law and the cutoff power-law model fittings among XRF, XRR, and C-GRB subclasses
in Figure 18. We also obtain the distributions of α, β, and Ep from the Band function fitting
among XRF, XRR, and C-GRB subclasses in Figure 20 and Figure 21. Due to the small
sample from Falcone et al. (2007), it is hard to distinguish the differences of the X-ray flare
spectral properties among XRF, XRR, and C-GRB subclasses.
In order to examine the spectral correlation between the prompt emission and the X-
ray flare, we show the spectral index of the X-ray flare vs. the spectral index of the prompt
emission in Figure 19. The spectral indices are obtained from the power-law model fitting
and the cutoff power-law modeling fitting. We do not find any possible correlation between
the spectral index of the X-ray flare and that of the prompt emission. We also show the
X-ray flare peak energy vs. the prompt emission peak energy in Figure 21. We do not find
any possible correlation between the X-ray flare peak energy and the prompt emission peak
energy. A large data sample is required for further investigations.
4. Discussion
When we mention that GRBs are associated with supernovae, we find only three GRBs
that have X-ray flares in this paper. They are XRR 060729, XRR 060904, and C-GRB
111209A. Thus, we do not find any XRFs with X-ray flares to be associated with supernovae.
However, a few XRFs without X-ray flares have associations with supernovae. For example,
XRF 060218 is associated with SN 2006aj, XRF 081007 is associated with SN 2008hw, and
XRF 100316D is associated with 2010bh (Bi et al. 2018). We expect a large sample in the
future to further investigate this issue.
The X-ray flares that are contemporaneous with the early X-ray afterglow are likely
due to a late time manifestation of the same emission mechanism as the prompt emission
(Zhang et al. 2006). Godet et al. (2007) found that the prompt emission of XRF 050822 was
followed by three X-ray flares, and the X-ray flares are shown in the deep decay phase of
the X-ray light curve. Kazanas et al. (2015) comprehensively investigated the BAT-to-XRT
flux ratio of the Swift-detected GRBs. From the X-ray flare sample of Chincarini et al.
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(2010), it was suggested that the GRB X-ray flares can be generated by the central engine,
and this suggestion seems to be also valid for the X-ray flares in some short GRBs (Mu et
al. 2018). Thus, we indicate a possible energy contribution from the bright X-ray flare to
the total GRB emission, and these GRBs might be identified as XRFs. In this paper, we
identify some observational properties of the X-ray flares among XRF, XRR, and C-GRB
subclasses. We find that XRFs and XRRs have more bright X-ray flares than C-GRBs.
When we calculate the fluence ratio between the X-ray flare and the prompt emission for
each GRB, we identify that XRFs are different from C-GRBs. The w − tp correlations are
also different between XRF and C-GRB subclasses. However, the X-ray flares observed by
Swift-XRT are in the energy range of 0.2− 10 keV, while the XRFs identified by Swift-BAT
are in the energy range of 15 to 350 keV. Therefore, when we indicate that there is an
inclination to identify the GRBs with bright X-ray flares as XRFs, we should consider that
X-ray flare and XRF are detected in different energy bands. Falcone et al. (2006) examined
the spectral properties of the X-ray flare in GRB 090502B from the Swift-XRT data, and one
hardening signature was clearly seen during the giant flare duration. Although we perform
a detailed analysis of the X-ray flare spectral properties among XRF, XRR, and C-GRB
subclasses in this paper, we expect large samples of the X-ray flare spectral analysis in the
future.
The intrinsic X-ray flare properties, such as fluence, width, and peak time, should be
corrected by both bulk Lorentz factor and redshift. When we compare the X-ray flare
properties among XRF, XRR, and C-GRB subclasses, we do not consider the effect from the
bulk Lorentz factor of the X-ray flares. Thus, we note the bias related to the comparison
of fluence, width, and peak time of X-ray flares among XRF, XRR, and C-GRB subclasses,
even these temporal parameters are redshift-corrected. However, when we consider ri, rt,
and w− tp correlation for each GRB, the results are not affected by the bulk Lorentz factor
and the redshift.
The selection criteria of the X-ray flare can be different among different X-ray flare
samples. The flares with S/Ns larger than 5 were selected in Chincarini et al. (2007) and
the flares with S/Ns larger than 3 were selected in Falcone et al. (2007), such that the low-
signal X-ray flares were excluded. However, some fluctuations in GRB X-ray light curves
were identified as X-ray flares in Chincarini et al. (2010). We list the different sources
between Chincarini et al. (2010) and Yi et al. (2016) in Section 2. Moreover, in the sample
of Chincarini et al. (2010), some blended flares are included. The blended X-ray flares of
one certain GRB in Chincarini et al. (2010) were identified in a different way by Yi et al.
(2016). Thus, judging the blended structure of the X-ray flare is a challenge. Compared
to Chincarini et al. (2010), Yi et al. (2016) considered the X-ray flares with the redshift
measurements, and small fluctuations shown in light curves were also identified as X-ray
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flares. Chincarini et al. (2010) selected only the early-time (occurring less than 103 s after
the trigger) X-ray flares, while Yi et al. (2016) considered both the early-time and the late-
time X-ray flares. Therefore, systematic bias can be induced in our results. In this paper,
we consider the temporal samples of Chincarini et al. (2010) and Yi et al. (2016), because
the two samples have more X-ray flare data than Chincarini et al. (2007).
Different fitting functions have been applied to the temporal structure of the X-ray flare.
Chincarini et al. (2007) simply used a Gaussian function to fit the X-ray flare temporal
structure. The profile proposed by Norris et al. (2005) was applied in Chincarini et al.
(2010). This profile consists of two combined exponentials to be flexible for the fitting
of pulse shapes. Yi et al. (2016) performed the fitting with a smooth broken power-law
function. Comparison of the different fitting functions is out of the scope of this paper,
but different fitting functions may lead to a systematic bias on the fitting results. We list
the temporal results of the X-ray flares given by Chincarini et al. (2007), Chincarini et al.
(2010), and Yi et al. (2016) in Table 3. We see some X-ray flares with different fitting
results and different blended X-ray flare identification in one GRB. However, we note that
the log(∆F/F )-log(w/tp) plane shown in Chincarini et al. (2007) and that shown in this
paper (see 17) have no significant differences. This restates the indication that GRB X-ray
flares have a central engine origin.
Although GRBs are usually classified as long/short GRBs, some evidence has shown
that GRBs may have an intermediate class. Horva´th et al. (2010) performed one analysis
on the Swift-detected GRBs, in which the GRB hardness ratio was considered. de Ugarte
Postigo et al. (2011) further examined some GRBs that are belong to the intermediate class.
Zitouni et al. (2015) suggested the existence of the intermediate group due to the asymmetric
distribution of the GRB duration from the Swift-BAT sample. However, Koen & Bere (2012)
performed a careful analysis by the autocorrelation function with the Swift-BAT data, and
the results seem to incline the two-class (long/short) GRB classification. Tarnopolski (2019)
examined the GRB data from BATSE and Fermi observations, and the results infer that the
intermediate class is not physical.
It is important to note that the long/short GRB classification takes effect on the clas-
sification of XRFs, XRRs, and C-GRBs, although the investigation of the GRB hardness-
duration is not a major topic in this paper. For example, Veres et al. (2010) found that
intermediate GRBs have soft spectra. This indicates that intermediate GRBs are related
to XRFs. From the Swift-BAT3 catalog, Bi et al. (2018) found that a few XRFs are short
GRBs. In this paper, we do not find any XRFs having X-ray flares that are short GRBs,
but a large data sample is required to further confirm this issue.
The XRF, XRR, and C-GRB samples of Bi et al. (2018) adopted in this paper follow
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the selection criteria by Sakamoto et al. (2008). Some XRRs are likely to be extensions
of C-GRBs: the selection criteria may induce the overlaps of XRFs/XRRs and CRRs/C-
GRBs that are shown in the hardness-duration distribution (Figure 2). The overlaps are
also shown in the Ep distributions among XRF, XRR, and C-GRB subclasses (Figure 3).
When we further examine the spectral properties of the X-ray flares among XRF, XRR, and
C-GRB subclasses, the Ep overlaps of XRFs/XRRs and XRRs/C-GRBs are clearly shown in
Figure 21. Meanwhile, we note that the Ep values of both X-ray flare and prompt emission
are derived in narrow spectral ranges. This creates large uncertainty on the Ep values.
However, the overlaps of XRFs/XRRs and XRRs/C-GRBs are not shown in the spectral
index distributions (Figure 19). Further investigations are useful when we have more data
from the spectral analysis in the future.
Different detectors and instruments have bias on the GRB classification. In the liter-
ature, Tarnopolski (2015) summarized long/short classification by several GRB detectors.
Tarnopolski (2019) further noted that the Swift-BAT detection is more sensitive to soft
bands. Thus, some Swift-detected GRBs might be identified as XRFs by the biased de-
tection, and even the intermediate class is elusive. Spectral cross-calibration from different
detectors to simultaneously observe the same GRB should be performed to give a reliable
conclusion after enough data are accumulated (Sakamoto et al. 2011).
5. Summary
GRB X-ray flares may have internal origin. In the paper, we investigate the differ-
ent temporal and spectral properties of the X-ray flares among XRF, XRR, and C-GRB
subclasses. We find that: (1) XRFs and XRRs have more bright X-ray flares than GRBs;
(2) the ratio between the X-ray flare fluence and the prompt emission fluence has different
distributions between XRF and C-GRB subclasses; (3) and the linear correlations between
the duration and the peak time of the X-ray flares are different between XRF and C-GRB
subclasses. We infer that there is an inclination to identify the GRBs with bright X-ray
flares as XRFs. We caution that the classifications of XRFs, XRRs, and C-GRBs may affect
our results. Our results might also be affected by the selection effects and the instrument
bias. We expect more observational data to further investigate our results in the future, and
some theoretical explanations are also required.
– 16 –
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Table 2. K-S test for the distributions of T90, Egrb,p, ri, rt, Sflarei , Sflaret , Eflarei,iso,
Eflaret,iso, w, wz, tp, and tp,z among XRFs, XRRs, and C-GRBs
C-GRB versus XRF C-GRB versus XRR XRF versus XRR Reference
T90
sample size C-GRB:15 XRF:7 C-GRB:15 XRR:34 XRF:7 XRR:34
Ch10
p-value 0.11 0.84 0.26
sample size C-GRB:64 XRF:16 C-GRB:64 XRR:118 XRF:16 XRR:118
Yi16
p-value 0.10 0.82 0.08
Egrb,p
sample size C-GRB:45 XRF:15 C-GRB:45 XRR:102 XRF:15 XRR:102
Bi18
p-value 1.2× 10−10 1.7× 10−5 3.1× 10−10
ri
sample size C-GRB:31 XRF:12 C-GRB:31 XRR:69 XRF:12 XRR:69
Ch10
p-value 2.35× 10−5 1.27× 10−6 0.09
sample size C-GRB:151 XRF:36 C-GRB:151 XRR:265 XRF:36 XRR:265
Yi16
p-value 2.60× 10−8 5.82× 10−8 8.68× 10−4
rt
sample size C-GRB:15 XRF:6 C-GRB:15 XRR:34 XRF:6 XRR:34
Ch10
p-value 5.39× 10−3 0.01 0.53
sample size C-GRB:61 XRF:16 C-GRB:61 XRR:118 XRF:16 XRR:118
Yi16
p-value 1.15× 10−3 1.08× 10−3 0.19
Sflarei
sample size C-GRB:32 XRF:12 C-GRB:32 XRR:69 XRF:12 XRR:69
Ch10
p-value 0.26 2.57× 10−3 0.43
sample size C-GRB:167 XRF:36 C-GRB:167 XRR:265 XRF:36 XRR:265
Yi16
p-value 0.02 0.38 1.14× 10−3
Sflaret
sample size C-GRB:15 XRF:6 C-GRB:15 XRR:34 XRF:6 XRR:34
Ch10
p-value 0.63 0.07 0.46
sample size C-GRB:59 XRF:16 C-GRB:59 XRR:119 XRF:16 XRR:119
Yi16
p-value 0.04 0.74 0.06
Eflarei,iso
sample size C-GRB:16 XRF:9 C-GRB:16 XRR:33 XRF:9 XRR:33
Ch10
p-value 0.98 0.10 0.13
sample size C-GRB:67 XRF:11 C-GRB:67 XRR:129 XRF:11 XRR:129
Yi16
p-value 0.97 0.13 0.65
Eflaret,iso
sample size C-GRB:7 XRF:4 C-GRB:7 XRR:19 XRF:4 XRR:19
Ch10
p-value 0.90 0.84 0.98
sample size C-GRB:28 XRF:7 C-GRB:28 XRR:56 XRF:7 XRR:56
Yi16
p-value 0.19 0.55 0.18
w
sample size C-GRB:32 XRF:12 C-GRB:32 XRR:69 XRF:12 XRR:69
Ch10
p-value 0.11 0.45 0.42
sample size C-GRB:168 XRF:36 C-GRB:168 XRR:265 XRF:36 XRR:265
Yi16
p-value 0.79 0.07 0.81
wz
sample size C-GRB:16 XRF:9 C-GRB:16 XRR:33 XRF:9 XRR:33
Ch10
p-value 0.75 0.89 0.24
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Table 2—Continued
C-GRB versus XRF C-GRB versus XRR XRF versus XRR Reference
sample size C-GRB:74 XRF:11 C-GRB:74 XRR:129 XRF:11 XRR:129
Yi16
p-value 0.29 0.01 0.07
tp
sample size C-GRB:32 XRF:12 C-GRB:32 XRR:69 XRF:12 XRR:69
Ch10
p-value 0.38 0.49 0.36
sample size C-GRB:168 XRF:36 C-GRB:168 XRR:265 XRF:36 XRR:265
Yi16
p-value 0.09 0.11 0.24
tp,z
sample size C-GRB:16 XRF:9 C-GRB:16 XRR:33 XRF:9 XRR:33
Ch10
p-value 0.63 0.99 0.45
sample size C-GRB:74 XRF:11 C-GRB:74 XRR:129 XRF:11 XRR:129
Yi16
p-value 0.07 0.01 0.23
Note. — We list two references of the X-ray flare data in the Reference column. “Ch10”
indicates Chincarini et al. (2010), and “Yi16” indicates Yi et al. (2016). Egrb,p indicates the
GRB peak energy.
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Table 3. Comparison of X-Ray Flare Temporal Properties in Different Samples
GRB Name ∆t tp ∆t/tp ∆F F ∆F/F Ref.
s s count s−1 count s−1
GRB 050406
184.0 208.6 0.882 4.6 0.6 7.71 Ch07
70.1±7.1 209.6±4.0 0.334±0.034 4.6±0.4 0.64±0.56 7.18±6.34 Ch10
401.8±28.9 218.1±7.3 1.842±0.146 1.2±0.1 · · · · · · Yi16
GRB 050502B
523.6 387.3 1.352 88.0 2.3 3.55
Ch07· · · · · · · · · 0.012 0.043 0.28
· · · · · · · · · 0.027 0.017 1.57
438.9±86.6 655.7±101.2 0.669±0.168 14.6±3.7 0.12±0.12 119.16±128.31
Ch10234.9±31.4 683.4±53.1 0.344±0.053 64.2±4.1 0.12±0.12 543.87±567.90
103.5±33.6 765.5±69.8 0.135±0.046 39.2±2.8 0.11±0.11 367.78±387.15
938.0±23.4 713.7±5.3 1.314±0.034 33.3±0.5 · · · · · ·
Yi16
96057.3±11482.6 76347.6±3768.3 1.258±0.168 0.01 · · · · · ·
GRB 050607
266.5 334.0 0.798 15.8 0.72 21.84 Ch07
99.2±12.0 309.2±5.7 0.321±0.039 13.5±1.5 0.66±0.50 20.50±15.76 Ch10
295.4±16.3 309.7±2.5 0.954±0.053 12.4±1.0 · · · · · · Yi16
GRB 050712
· · · · · · · · · 7.3 5.3 1.37
Ch07· · · · · · · · · 7.4 1.5 5.10
· · · · · · · · · 1.0 0.16 6.35
9.3±6.1 216.6±3.4 0.043±0.028 2.8±0.9 · · · · · ·
Yi16
30.9±12.7 265.3±4.6 0.116±0.048 4.1±0.7 · · · · · ·
148.3±9261.4 475.6±274.0 0.312±19.474 3.9±26.1 · · · · · ·
721.0±345.0 963.5±74.9 0.748±0.363 0.5±0.1 · · · · · ·
GRB 050713A
49.5 111.2 0.445 170.5 8.6 19.77
Ch07
82.9 176.8 0.494 23.5 5.9 3.97
· · · · · · · · · 24.9 3.0 8.27
· · · · · · · · · 55.6 7.7 7.26
22.8±1.7 110.9±1.7 0.206±0.016 181.5±7.0 · · · · · ·
Ch10
30.6±6.9 169.7±7.9 0.180±0.042 25.6±2.5 · · · · · ·
89.3±1.8 109.2±0.3 0.818±0.017 93.7±3.4 · · · · · ·
Yi16
75.1±5.8 167.6±0.9 0.448±0.035 12.5±0.85 · · · · · ·
GRB 050714B
344.8 371.6 0.928 4.4 0.063 69.86 Ch07
484.3±42.5 382.9±7.7 1.265±0.114 2.2±0.3 · · · · · · Yi16
GRB 050716
622.0 177.0 3.514 9.0 18.8 0.48
Ch07
482.9 376.4 1.283 3.8 6.7 0.57
23.4±18.4 172.5±33.2 0.136±0.110 12.9±2.4 27.4±35.8 0.47±0.62
Ch10
100.3±31.8 377.0±23.5 0.266±0.086 4.4±0.6 0.007±0.009 670.22±963.68
438.4±182.3 112.4±35.4 3.900±2.035 24.7±8.2 · · · · · ·
Yi16
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Table 3—Continued
GRB Name ∆t tp ∆t/tp ∆F F ∆F/F Ref.
s s count s−1 count s−1
288.5±184.8 165.5±0.8 1.743±1.117 12.5±1.6 · · · · · ·
142.9±22.1 380.5±5.3 0.376±0.058 3.8±0.4 · · · · · ·
GRB 050724
· · · · · · · · · 7.2 5.3 1.35
Ch07· · · · · · · · · 3.1 2.0 1.58
112365.0 54946.2 2.045 0.030 2.5e-3 11.99
± 265.4± 3.900±2.035 ± · · · · · ·
Yi16
203676.5±13295.1 55578.9±3054.4 3.665±0.313 0.02 · · · · · ·
GRB 050726
33.0 165.8 0.199 3.1 6.7 0.46
Ch07
122.0 273.5 0.446 6.6 4.2 1.57
68.0±6.2 266.4±3.5 0.255±0.024 7.4±0.7 5.8±3.7 1.29±0.83 Ch10
26.6±23.6 162.6±6.2 0.164±0.145 1.82±1.37 · · · · · ·
Yi16
41.6±8.8 266.0±4.5 0.156±0.033 2.83±0.29 · · · · · ·
GRB 050730
· · · · · · · · · 8.3 6.2 1.33
Ch07
· · · · · · · · · 5.3 5.3 1.00
· · · · · · · · · 9.0 4.5 2.02
· · · · · · · · · 5.2 3.9 1.32
· · · · · · · · · 3.0 3.8 0.78
· · · · · · · · · 0.86 2.3 0.37
· · · · · · · · · 0.87 0.64 1.34
· · · · · · · · · 0.4 0.46 0.87
42.9±5.1 231.6±2.6 0.185±0.022 16.1±1.7 · · · · · ·
Ch10110.7±6.3 424.2±3.1 0.261±0.015 23.0±1.1 · · · · · ·
98.4±13.8 685.8±5.7 0.143±0.020 10.5±1.1 · · · · · ·
22.7±5.9 233.7±2.9 0.097±0.025 8.0±0.9 · · · · · ·
Yi16128.7±11.1 433.9±3.3 0.297±0.026 11.7±0.5 · · · · · ·
75.9±12.7 682.6±4.9 0.111±0.019 5.9±0.5 · · · · · ·
GRB 050803
· · · · · · · · · 0.8 0.94 0.85
Ch07· · · · · · · · · 1.0 0.25 4.05
· · · · · · · · · 0.67 0.25 2.66
604.8±180.3 741.3±44.7 0.816±0.248 1.6±0.3 · · · · · ·
Yi16
6697.9±786.1 1144.8±54.9 5.851±0.742 1.1±0.1 · · · · · ·
111457.7±1773.6 11659.6±755.3 9.559±0.638 0.3±0.02 · · · · · ·
1034216.2±509944.9 806459.5±1199.3 1.282±0.632 · · · · · · · · ·
GRB 050820A
· · · · · · · · · 231.0 3.0 77.45 Ch07
2414.7±1154.3 231.5±0.3 10.431±4.986 169.5±5.2 · · · · · · Yi16
GRB 050822
· · · · · · · · · 54.7 50.2 1.09
Ch07
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Table 3—Continued
GRB Name ∆t tp ∆t/tp ∆F F ∆F/F Ref.
s s count s−1 count s−1
110.3 240.3 0.459 15.5 10.3 1.50
328.0 463.3 0.708 43.5 1.5 29.89
53.3±5.2 136.7±4.9 0.390±0.041 64.0±5.9 37.4±49.4 1.71±2.26
Ch1035.4±6.2 239.6±9.8 0.148±0.027 15.1±2.4 9.7±13.7 1.55±2.20
104.0±3.9 436.0±2.6 0.239±0.009 44.3±1.8 2.3±3.4 19.15±28.73
269.9±11.3 235.7±3.8 1.145±0.051 4.9±0.5 · · · · · ·
Yi16
634.5±26.8 447.6±2.5 1.418±0.060 11.5±0.4 · · · · · ·
GRB 050904
· · · · · · · · · 20.7 9.3 2.22
Ch07
· · · · · · · · · 1.0 1.6 0.62
· · · · · · · · · 1.1 0.89 1.23
· · · · · · · · · 1.6 0.018 88.46
· · · · · · · · · 0.77 2.6e-3 292.29
· · · · · · · · · 0.31 1.9e-3 166.67
126.7±15.2 465.5±5.4 0.272±0.033 10.1±0.8 · · · · · ·
Yi16
6084.1±1225.6 6772.2±111.4 0.898±0.182 0.8±0.1 · · · · · ·
138695.6±9785.4 14206.7±264.1 9.763±0.712 0.6±0.1 · · · · · ·
50415.1±11496.9 32882.6±1050.8 1.533±0.353 0.1±0.03 · · · · · ·
GRB 050908
· · · · · · · · · 2.17 1.3 1.72
Ch07
295.6 406.6 0.727 2.4 0.38 6.29
115.9±15.9 389.0±12.4 0.298±0.042 3.8±0.6 · · · · · · Ch10
301.0±9.4e6 390.2±2.9e6 0.771±2.47e2 1.98±7.6e4 · · · · · · Yi16
GRB 050915A
· · · · · · · · · 12.2 0.91 13.36 Ch07
86.4±33.0 111.9±3.5 0.772±0.295 3.9±0.6 · · · · · ·
Yi16
62.4±33.8 529.6 0.118±0.064 0.3±0.1 · · · · · ·
GRB 050916
· · · · · · · · · 0.2 7.9e-3 25.22
Ch07· · · · · · · · · 0.1 7.0e-3 14.34
6532.2±15090.1 934.2±1907.5 6.992±21.558 0.1±0.3 · · · · · ·
Yi16
13845.0±1880.6 19310.3±191.9 0.717±0.098 0.4±0.1 · · · · · ·
GRB 050922B
175.4 376.4 0.466 23.0 23.7 0.97
Ch07254.7 501.4 0.508 6.7 9.7 0.69
464.9 812.8 0.572 22.0 1.5 14.64
322.5±92.5 766.4±135.9 0.421±0.142 12.5±1.8 2.3±2.7 5.55±6.74
Ch1082.3±184.8 823.5±430.1 0.100±0.230 14.1±3.1 1.7±3.9 8.28±18.86
161.9±186.2 965.5±448.0 0.168±0.208 8.7±2.1 0.92±1.89 9.51±19.81
1288.0±180.6 372.6±3.0 3.457±0.485 13.9±0.5 · · · · · ·
Yi16160.2±49.2 499.4±1.9 0.321±0.098 3.6±0.6 · · · · · ·
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Table 3—Continued
GRB Name ∆t tp ∆t/tp ∆F F ∆F/F Ref.
s s count s−1 count s−1
1423.4±82.6 819.4±6.9 1.737±0.102 22.3±1.5 · · · · · ·
GRB 051117A
331.9 151.4 2.192 102.0 31.6 3.23
Ch07
· · · · · · · · · 47.0 15.6 3.01
· · · · · · · · · 29.0 8.5 3.41
· · · · · · · · · 27.0 7.7 3.51
603.4 1332.0 0.453 49.0 6.8 7.21
· · · · · · · · · 30.0 6.3 4.78
97.1±5.4 145.0±2.5 0.670±0.039 59.3±2.4 130.9±17.8 0.45±0.06
Ch10
46.0±8.0 327.5±3.3 0.140±0.024 31.4±2.4 58.0±7.8 0.54±0.08
112.0±61.8 370.0±7.8 0.303±0.167 30.0±5.5 51.3±7.0 0.59±0.13
58.6±14.3 437.8±4.4 0.134±0.033 26.5±7.3 43.4±5.9 0.61±0.19
85.9±29.5 499.1±6.6 0.172±0.059 18.0±6.7 38.0±5.2 0.47±0.19
108.2±16.7 619.6±6.2 0.175±0.027 15.0±2.2 30.6±4.1 0.49±0.10
224.0±18.5 962.1±4.9 0.233±0.019 26.1±0.8 19.7±2.7 1.32±0.18
109.0±10.9 1104.3±3.8 0.099±0.010 19.9±2.1 17.2±2.3 1.16±0.20
211.0±7.9 1332.9±2.1 0.158±0.006 59.1±1.1 14.2±1.9 4.15±0.57
257.2±19.0 1569.0±7.3 0.164±0.012 16.0±1.3 12.1±1.6 1.32±0.21
551.0±55.0 136.6±7.8 4.034±0.464 58.0±4.8 · · · · · ·
Yi16
476.4±388.7 357.2±17.1 1.334±1.090 16.5±2.6 · · · · · ·
317.6±290.5 439.9±5.0 0.722±0.660 9.8±4.1 · · · · · ·
96.2±24.6 604.7±4.7 0.159±0.041 5.8±0.7 · · · · · ·
317.5±101.0 945.2±9.2 0.336±0.107 9.6±1.2 · · · · · ·
254.0±61.9 1107.6±7.7 0.229±0.056 9.1±1.6 · · · · · ·
972.0±71.9 1318.0±1.7 0.737±0.055 21.1±0.6 · · · · · ·
GRB 051210
49.2 136.7 0.360 4.7 4.0 1.18
Ch07· · · · · · · · · 0.62 1.2 0.53
22.6±23.6 131.2±34.0 0.172±0.185 6.2±1.5 5.3±5.1 1.16±1.14
Ch10
15.1±326.5 159.5±194.6 0.095±2.050 3.8±66.1 3.3±10.2 1.16±20.55
GRB 051227
· · · · · · · · · 5.15 5.9 0.88 Ch07
24.1±6.5 114.4±3.3 0.211±0.057 8.9±2.0 6.7±19.3 1.33±3.86 Ch10
GRB 060111A
144.4 102.8 1.405 67.6 0.41 165.51
Ch07120.7 167.9 0.719 34.7 4.5 7.78
177.5 286.3 0.620 85.0 40.3 2.11
69.0±3.7 94.7±0.9 0.729±0.040 75.0±4.8 2.8±0.8 26.87±7.72
Ch1062.8±3.2 167.0±1.7 0.376±0.020 40.6±2.8 1.8±0.5 22.90±6.61
125.4±9.6 337.6±4.2 0.371±0.029 32.8±3.9 1.01±0.28 32.48±9.89
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Table 3—Continued
GRB Name ∆t tp ∆t/tp ∆F F ∆F/F Ref.
s s count s−1 count s−1
169.7±13.9 99.2±2.3 1.711±0.145 24.9±1.4 · · · · · ·
Yi16138.3±15.1 167.8±2.1 0.824±0.091 14.3±0.8 · · · · · ·
571.5±8.3 283.8±0.9 2.014±0.030 50.7±0.7 · · · · · ·
GRB 060115
· · · · · · · · · 1.91 0.75 2.58 Ch07
83.4±13.8 396.8±8.4 0.210±0.035 4.1±0.7 1.2±1.0 3.293±2.794 Ch10
205.2±31.1 402.6±13.1 0.510±0.079 1.7±0.3 · · · · · · Yi16
Note. — “Ch07”, “Ch10”, and “Yi16” in the Ref. column indicate Chincarini et al. (2007),
Chincarini et al. (2010), and Yi et al. (2016), respectively.
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Fig. 1.— The T90 distributions of XRFs, XRRs, and C-GRBs. The dashed line separates
the sources to short and long GRB catalogs. We find that all of the XRFs with X-ray flares
in this sample are long GRBs. Top panel: the X-ray flares are collected from Chincarini et
al. (2010). Bottom panel: the X-ray flares are collected from Yi et al. (2016).
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Fig. 2.— The hardness−T90 distributions of XRFs, XRRs, and C-GRBs having X-ray flares
in our sample. There are only three sources that fall into the short burst region. They are
XRR 070724A, C-GRB 051210, and C-GRB 100117. We also plot all the GRBs without
X-ray flares marked as black crosses in the Figure.
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Fig. 3.— The peak energy Epeak distributions of XRFs, XRRs, and C-GRBs with X-ray
flares in our sample.
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Fig. 4.— Distributions of the X-ray flare fluence ratio for XRFs, XRRs, and C-GRBs. The
X-ray flare data are from Chincarini et al. (2010). We mark the GRBs with bright X-ray
flares. Top panel: ri distribution. Bottom panel: rt distribution.
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Fig. 5.— Distributions of the X-ray flare fluence ratio for XRFs, XRRs, and C-GRBs. The
X-ray flare data are from Yi et al. (2016). We mark the GRBs with bright X-ray flares. Top
panel: ri distribution. Bottom panel: rt distribution.
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Fig. 6.— Distributions of the X-ray flare fluence Si,flare for XRFs, XRRs, and C-GRBs. Top
panel: the X-ray flare data are from Chincarini et al. (2010). Bottom panel: the X-ray flare
data are from Yi et al. (2016).
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Fig. 7.— Distributions of the X-ray flare fluence St,flare for XRFs, XRRs, and C-GRBs. Top
panel: the X-ray flare data are from Chincarini et al. (2010). Bottom panel: the X-ray flare
data are from Yi et al. (2016).
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Fig. 8.— X-ray flare fluence vs. prompt emission fluence for XRRs, XRFs, and C-GRBs.
Top left panel: single X-ray flare fluence of one GRB is used in Chincarini et al. (2010). Top
right panel: total X-ray flare fluence of one GRB is used in Chincarini et al. (2010). Bottom
left panel: single X-ray flare fluence of one GRB is used in Yi et al. (2016). Bottom right
panel: total X-ray flare fluence of one GRB is used in Yi et al. (2016).
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Fig. 9.— Distributions of the X-ray flare isotropic energy of XRFs, XRRs, and C-GRBs.
The X-ray flare sample of Chincarini et al. (2010) is used. Top panel: single X-ray flare
isotropic energy in one GRB is considered. Bottom panel: total X-ray flare isotropic energy
in one GRB is considered.
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Fig. 10.— Distributions of the X-ray flare isotropic energy of XRFs, XRRs, and C-GRBs.
The X-ray flare sample of Yi et al. (2016) is used. Top panel: single X-ray flare isotropic
energy in one GRB is considered. Bottom panel: total X-ray flare isotropic energy in one
GRB is considered.
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Fig. 11.— Distributions of the X-ray flare duration for XRFs, XRRs, and C-GRBs. We
mark the GRBs having the bright X-ray flares that have rt ≥ 0.2. Top panel: the X-ray
flare data are from Chincarini et al. (2010). Bottom panel: the X-ray flare data are from Yi
et al. (2016).
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Fig. 12.— Distributions of the X-ray flare peak time for XRFs, XRRs, and C-GRBs. We
mark the GRBs with bright X-ray flares that have rt ≥ 0.2. Top panel: the X-ray flare data
are from Chincarini et al. (2010). Bottom panel: the X-ray flare data are from Yi et al.
(2016).
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Fig. 13.— Distributions of the X-ray flare duration for XRFs, XRRs, and C-GRBs. The
duration is redshift-corrected. Top panel: the X-ray flare sample from Chincarini et al.
(2010). Bottom panel: the X-ray flare sample from Yi et al. (2016).
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Fig. 14.— Distributions of the X-ray flare peak time for XRFs, XRRs, and C-GRBs. The
peak time is redshift-corrected. Top panel: the X-ray flare sample from Chincarini et al.
(2010). Bottom panel: the X-ray flare sample from Yi et al. (2016).
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Fig. 15.— The w − tp correlations of the X-ray flares for XRFs, XRRs, and C-GRBs. The
X-ray flare data are from Chincarini et al. (2010). The green circles represent the X-flares
of XRFs, the blue triangles represent the X-ray flares of XRRs, and the red stars represent
the X-ray flares of C-GRB. The w − tp correlations are plotted by the solid lines. The
dashed lines enclose the data within 1σ. The best-fitting for XRFs is log w = (−0.42+0.87−0.87) +
(0.97+0.36−0.37) log tp with the scatter of σ = 0.19
+0.06
−0.04. The best-fitting for XRRs is log w =
(−0.34+0.24−0.23)+(0.89+0.09−0.09) log tp with the scatter of σ = 0.21+0.02−0.02. The best-fitting for C-GRBs
is log w = (0.05+0.46−0.46) + (0.71
+0.19
−0.19) log tp with the scatter of σ = 0.19
+0.05
−0.04. The best-fitting
for total GRBs is log w = (−0.22+0.19−0.21) + (0.84+0.08−0.08) log tp with the scatter of σ = 0.20+0.02−0.02.
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Fig. 16.— The w − tp correlations of the X-ray flares for XRFs, XRRs, and C-GRBs. The
X-ray flare data are from Yi et al. (2016). The green circles represent the X-ray flares of
XRFs, the blue triangles represent the X-ray flares of XRRs, and the red stars represent
the X-ray flares of C-GRBs, The w − tp correlations are plotted by the solid lines. The
dashed lines enclose the data within 1σ. The best-fitting for XRFs is log w = (−1.41+0.73−0.73) +
(1.59+0.30−0.29) log tp with the scatter of σ = 0.40
+0.06
−0.05. The best-fitting for XRRs is log w =
(−0.36+0.14−0.15) + (1.12+0.06−0.05) log tp with the scatter of σ = 0.45+0.02−0.02. The best-fitting for C-
GRBs is log w = (−0.16+0.19−0.18) + (1.04+0.06−0.07) log tp with the scatter of σ = 0.57+0.04−0.03. The
best-fitting for total GRBs is log w = (−0.25+0.11−0.11) + (1.08+0.04−0.04) log tp with the scatter of
σ = 0.49+0.02−0.02.
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Fig. 17.— GRB X-ray flares in the log(∆F/F )-log(w/tp) plane. Some modeling constraints
are presented by different lines (see Ioka et al. 2005 in detail). The green circles represent the
X-ray flares of XRFs, the blue triangles represent the X-ray flares of XRRs, and the brown
stars represent the X-ray flares of C-GRBs. The red symbols indicate the bright X-ray flares
that have ri ≥ 0.2.
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Fig. 18.— Top panel: the distributions of the X-ray flare power-law spectral fitting photon
index for XRFs, XRRs, and C-GRBs. Bottom panel: the distributions of the X-ray flare
cutoff power-law spectral fitting photon index for XRFs, XRRs, and C-GRBs.
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Fig. 19.— Top panel: the power-law spectral fitting photon index of the X-ray flare vs.
the power-law spectral fitting photon index of the prompt emission for XRFs, XRRs, and
C-GRBs. Bottom panel: the cutoff power-law spectral fitting photon index of the X-ray
flare vs. the cutoff power-law spectral fitting photon index of the prompt emission for XRFs,
XRRs, and C-GRBs.
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Fig. 20.— Top panel: the distributions of the X-ray flare low-energy spectral index α of
Band function for XRFs, XRRs, and C-GRBs. Bottom panel: the distributions of the X-ray
flare high-energy spectral index β of Band function for XRFs, XRRs, and C-GRBs.
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Fig. 21.— Top panel: the distributions of the X-ray flare peak energy Epeak of Band function
for XRFs, XRRs, and C-GRBs. Bottom panel: the X-ray flare peak energy vs. the prompt
emission peak energy for XRFs, XRRs, and C-GRBs.
